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(57) L'invention concerne un proc6d6 et une installation 
pSur la reparation de pieces en materiau composite. 

Seion l'invention, on porte la piece (20) £ Sparer & une 
temperature limitee, on met en place, dans une zone & r6- 
parer de la piece (20), un element rapporte (40) en mate- 
riau polymgrisable a chaud que Ton chauffe a sa tempera- 
ture de polymerisation, et on refrotdit une zone 
peripherique restreinte (58) de la piece, entourant etroite- 
ment la zone £ reparer, pour maintenir cette zone restreinte 
d une temperature proche de la temperature limitee de la 
piece, ce qui circonscrit la temperature de polymerisation & 
la zone £ r6parer. 

Application notamment £ la reparation de radCmes d'a6- 
ronefs. 
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Procede e t installation pour la reparation de pieces en materian 
composite . notamment de t ype sandwich 
5 . 

L r invention concerne un procede et une installation pour la 
reparation de pieces en materiau composite, notamment de type 
sandwich. 

10 Par 1'efxpression "materiau composite" , on entend designer ici un 
materiau de synthese constitue essentiellement d'un liant 
polymerisable a chaud et de fibres d 1 armature enrobees par ce 
liant. 

15 Le liant est constitue habitue llement d'une resine, par exemple 
de type polyester, epoxy ou phenolique, melangee a un durcisseur 
propre a catalyser la reaction de polymerisation de la resine, 
lorsque le melange est porte a une temperature super ieure a la 
temperature ambiante, par exemple a une temperature comprise 

20 entre 120 et 180 °C. 

Les fibres, jouant le role d 1 armature, sont generalement des 
fibres de verre, de polyamide, de carbone, etc, tissees pour 
former une nappe. 

25 

Le materiau composite peut etre de type monolithique pour former 
une simple "peau" ou bien de type sandwich pour former deux 
peaux eritre lesquelles est placee une structure intercalaire, 
par exemple du type riid d f cJDeille. 

30 

Les materiaux composites de ce genre trouvent de nombreuses 
applications, par exemple pour la realisation die panneaux, de 
carenages, de radomes d'aeronefs, etc. 

35 Pour la reparation d'une piece en materiau composite de ce 
genre, on utilise generalement un element rapporte en materiau 
polymerisable a chaud que I'on met en place dans une zone a 
reparer de la piece et que l'on chauffe ensuite a une tempera- 
ture suffisante pour provoqpaer sa polymerisation et, par 

40 consequent, son assemblage a la piece a reparer. 


2693147 

2 

Pour assurer la polymerisation a chaud de l f element rapporte et 
son assemblage a la piece a reparer, on fait actuellement appel 
a deux procedes. 

5 Le premier procede cons is te a placer la totalite de la piece 
ainsi que 1' element rapporte dans un autoclave ou dans une 
enceinte porte a une temperature suffisante pour assurer la 
polymerisation a chaud. 

10 Ce premier procede a pour inconvenient majeur de soumettre des 
parties saines de la piece a une temperature e levee, c'est-a- 
dire a la temperature necessaire a la polymerisation de 

l f element rapporte, 

15 Cette temperature elevee, qui est generalement comprise entre 
120 et 180 °C r entraine un vieillissement ac eel ere de la piec , 
d'ou il resulte des delaminages, decollements , formations de 
criques, etc, et plus generalement une perte des caracteristi- 
ques mecaniques . 

20 

Le second procede consiste a placer un tapis chauff ant sur 
1* element rapporte prealablement mis en place dans la zone a 
reparer, pour assurer la polymerisation lorsqu'il s'agit de 
reparations local is ees . 

25 

Ce second procede a pour principal inconvenient de creer un 
diff erentiel de temperature important entre la partie chauf f ee 
et la partie non chauff ee de la piece a reparer. Cela a pour 
consequence de creer des delaminages dans les parties saines de 
30 la piece, notamment dans le cas de pieces realisees en sandwich* 

It 1 invention a essentiellement pour but de surmonter les 
inconvenients precites afin d'eviter un vieillissement accelere 
des parties saines d'une piece en mater iau composite a reparer* 

35 

C 1 est encore un but de 1 * invention de procurer un procede et une 
installation permettant d'effectuer des reparations sur des 
pieces en mater iau composite, dans des conditions parf aitemerit 


2693147 

3 

maitrisees, pour eviter un echauf f ement des parties saines des 
pieces a reparer. 

C'est encore un but de 1' invention de procurer un tel precede et 
une telle installation destines tout particulierement a la 
reparation de radomes pour les avions de transport civil. 

L' invention concerne plus particulierement un precede de 
reparation d'une piece en materiau composite, selon lequel un 
element rapporte en materiau polymeris able a chaud est mis en 
place dans une zone a reparer de la piece et chauf f e a une 
temperature suffisante pour provoquer sa polymerisation. 

Selon une caracteristique essentielle de l 1 invention, on 
conduit, de maniere controlee, les operations suivantes : 

a) porter par chauf fage la piece a une temperature limitee, qui 
est superieure a la temperature ambiante, inferieure a la 
temperature de polymerisation de l f element rapporte et insuffi- 
sante pour provoquer un vieillissement accelere de la piece ; 

b) chauffer a sa temperature de polymerisation 1* element 
rapporte, prealablement mis en place dans la zone a reparer de 
la piece ; et 

c) refroidir une zone peripherique restreinte de la piece 
entourant etroitement la zone a reparer pour maintenir cette 
zone periphericpie a une temperature proche de la temperature 
limitee de la piece et circonscrire ainsi la temperature de 
polymerisation a la zone a reparer. 

Ainsi, en portant la piece a une temperature limitee, par 
exemple de 60 °C, on evite des phenomenes de dilatation differen- 
tielle entre la piece elle-meme et 1* element rapporte au titre 
de la reparation, lequel est chauf fe a temperature de polymeri- 
sation, e'est-a-dire a une temperature generalement comprise 
entre 120 et 180° c. 
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De plus, la temperature de polymerisation est circonscrite a la 
zone a reparer, c f est-a-dire a 1' element rapporte, du fait que 
la zone peripherique de la piece, entourant etroitement la zone 
a reparer, est refroidie dans des conditions controlees. On 
5 empeche ainsi que la chaleur resultant du chauffage de l 1 element 
rapporte soit transmise a des parties saines de la piece a 
reparer, et notamment a la zone peripherique qui entoure 
immediatement la zone a reparer. 

10 Cette zone peripherique est ainsi maintenue a une temperature 
proche de la temperature de la piece; qui est ramenee a des 
valeurs raisonnables , par exemple a une valeur maximale de 80 °C 
pour les valeurs de temperature merit ionne e s precedemment . 

15 Du fait que la temperature de polymerisation est circonscrite a 
la zone a reparer, les parties saines de la piece ne sont pas 
echauffees et ne peuvent done subir un vieillissement accelere, 
contrairement aux precedes de la technique anterieure. 

20 Selon une autre caracteristique du procede de 1" invention, on 
regie la temperature limitee de la piece, la temperature et la 
duree de polymerisation de 1' element rapporte, ainsi que la 
temperature de la zone restreinte de la piece. De cette fagon, 
la reparation de la piece s'effectue dans des conditions 

25 parfaitement maitrisees selon les caracteristiques de la piece 
et celles du materiau polymerisable dont est forme 1* element 
rapporte . 

Sous un autre aspect, l f invention concerne une installation 
30 d'une piece en materiau composite, qui comprend essentielle- 
ment : 

- un conformateur chauffant propre a recevoir la piece en 
recouvrant au mo ins la zone a reparer et a porter la piece a une 
35 temperature limitee, qui est super ieure a la temperature 
ambiante, infer ieure a la temperature de polymerisation de 
1* element rapporte et insuffisante pour provoquer un vieillisse- 
ment accelere de la piece ; 
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- un tapis chauf fant de dimensions adaptees a celles de la zone 
a reparer, propre a etre applique centre 1 ' element rapporte 
prealablement mis en place dans la zone a reparer pour chauffer 
1' element rapporte a sa temperature de polymerisation ; 

- un element de refroidis semen t propre a recouvrir une zone 
peripherique restreinte de la piece entourant etroitement la 
zone a reparer pour maintenir cette zone peripherique a une 
temperature proche de la temperature limitee de la piece et 
circonscrire la temperature de polymerisation a la zone a 
reparer ; et 

- des moyens de regulation thermique couples au cohf ormateur 
chauf fant, au tapis chauf fant et a 1' element de ref roidissement. 

Selon une autre caracteristique de 1* invention, le conf ormateur 
chauf fant possede une forme adaptee a celle de la piece de 
maniere a recouvrir au moins la zone a reparer . 

On realise un tel conformateur (a moins qu'il n'existe pas deja 
en raison de reparations anterieures ou repetitives , comme par 
exemple sur les radomes d'aeronefs) par la technique connue du 
"moule/contremoule" en prenant une empreinte de la piece qui 
couvre au moins la zone a reparer. 

Ce conformateur est realise en materiaux composites et/ou en 
metal et comprend un reseau chauf fant a temperature reglable, 
lequel est avantageusement forme par des resistances chauf f antes 
incorporees dans le conformateur. 

La temperature du conformateur est limitee avantageusement a une 
valeur de 60 °C, ce qui evite les phenomenes de vieillissement 
accelere de la piece a reparer. 

En outre, selon une autre caracteristique de 1' invention, ce 
conformateur comprend un revetement calorifuge destine a eviter 
les deperditions d'energie. 
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Selon une autre caracteristique de 1* invention, le tapis 
chauffant comporte tin tapis souple susceptible d" etre decoupe 
aux dimensions voulues, c'est-a-dire a celles de la zone a 
reparer, ainsi qu'un reseau chauffant a temperature reglable. 

Ce tapis chauffant est avantageusement realise en melange 
elastomere/silicone, c'est-a- dire en un materiau resistant a une 
temperature de 250 °C. Le reseau chauffant du tapis est avanta- 
geusement forme d'un reseau de fils resistifs incorpores dans 
l'epaisseur du tapis ou colles sur une surface de ce dernier. 

Le chauffage du tapis est assure dans des conditions de 
temperature et de duree determinees en fonction des conditions 
de polymerisation de 1* element rapporte. La temperature maximale 
15 du tapis chauffant est avantageusement de 180 °C. 

L* element de ref roidissement faisant partie de 1 ' installation de 
1' invention comprend un matelas annulaire, de dimensions 
adaptees a celles de la zone peripherique restreinte, et logeant 
20 au mo ins une canalisation propre a etre parcourue par un f luide 
refrigerant ou ref roidissant. 

Le refroidissement de cette zone peripherique est ef f ectue dans 
des conditions controlees et evite que, a la peripherie de la 
25 reparation, la temperature de la partie saine de la piece a 
reparer s'eleve de fagon importante par conduction. Le f luide 
refrigerant ou ref roidissant circulant dans l 1 element de 
refroidissement peut etre gazeux ou liquide. 

30 Selon une autre caracteristique de 1' invention, 1 1 installation 
comprend une membrane propre a etre appliquee de fa<jon etanche 
sur la piece en recouvrant le tapis chauffant et 1' element de 
refroidissement, ainsi qu'une pompe a vide propre a appliquer 
une pression reduite dans l'espace delimite par la membrane. 

35 

Cette membrane permet de mettr en depression l f ensemble et 
d* assurer I'uniformite du collage de la reparation. 
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Les moyens de regulation thermique de 1 * installation comprennent 
des sondes de temperature associees respect ivement au conforma- 
teur chauffant, au tapis chauffant et a 1' element de refroidis- 
sement. 

Avantageusement, les moyens de regulation comprennent aussi des 
moyens pour regler la temperature du conformateur, la tempera- 
ture et la duree de fonctionnement du tapis chauffant; ainsi que 
la temperature de 1' element de ref roidissement. 

Dans la description qui suit, faite a titre d'exemple, on se 
ref ere aux dessins annexes, sur lesquels : 

- la figure 1 est une vue partielle en elevation d'une installa- 
tion selon 1' invention, destinee a la reparation d'un radome 
d'aeronef ; 

- la figure 2 est une vue partielle en coupe selon la ligne II- 
II de la figure 1 ; et 

- la figure 3 est un detail, a echelle agrandie, de 1' installa- 
tion de la figure 2 . 

L' installation representee aux figures 1 et 2 comprend un 
chassis 10 muni de quatre roulettes 12 pour son deplacement sur 
le sol. Sur le chassis 10 est raonte un support incline 14 
portant une couronne a billes 16 sur laquelle est monte, de 
facon amovible, un conformateur 18. 

Grace a la couronne a billes 16, le conformateur 18 peut tourner 
sur lui-meme autour d'un axe XX incline d'un angle A, ici de 
45°, par rapport a 1 • nor izontale . Le conformateur 18 a ici la 
forme d'un paraboloide de revolution dont 1'axe coincide avec 
son axe de rotation XX. Le conformateur 18 cons titue une sorte 
de moule propre a. recevoir une piece 20 en mater iau composite 
qui, dans l'exemple, est un radome d'aeronef. La piece 20 est 
immobilisee dans le conformateur 18 par au moins une fixation 
21. 



8 

Le conformateur 18 possede une forme adapt.ee a celle du radome 
20 et il peut etre fabrique a partir d'une empreinte du radome, 
a mo ins qu'il n'existe deja en raison de reparations anterieures 
ou repetitives sur un radome du meme type, 

5 

Le conformateur 18 est realise en materiau composite et/ou en 
metal et il comprend une paroi 22 dans laquelle sont incorporees 
des resistances chauffantes 24 alimentees par un cable electri- 
que 26 passant au travers d'un trou 28 du support 14 (figure 2) 

10 et raccorde a une centrale de regulation 30. Dans I'epaisseur de 
la paroi 22 est egalement logee une sonde de temperature 32 
reliee par un cable electrique 34 , qui traverse egalement le 
trou 28, a la centrale de regulation 30. Sur la face externa de 
la paroi 22 est prevu un revetement calorifuge 36 pour eviter 

15 les deperditions d'energie. Le conformateur 18 est destine a 
porter le radome a une temperature limitee qui, dans 1' exemple, 
est de 60°C. 

Le radome 20 possede une paroi 38 en materiau composite de 
20 synthese par exemple du type sandwich, qui est placee au contact 
de la surface interne de la paroi 22 du conformateur 18, La 
paroi 38 du radome 20 comporte une zone a reparer dans laquelle 
a ete mis en place un element rapporte 40 (figure 3) forme d'un 
materiau polymerisable a chaud, compatible avec le materiau dont 
25 est formee la paroi 38 du radome. L' element rapporte 40 est 
place au contact de la surface interne de la paroi 22 du 
conformateur et il comporte un bord peripherique externe 42 
venant au contact d'un bord peripherique interne 44 de la zone 
a reparer. 

30 

L f installation de l 1 invention comprend en outre un tapis 
chauffant 46 de dimensions adaptees a celles de la zone a 
reparer et done de l f element rapporte 40. Le tapis chauffant 46 
est forme d'un materiau souple, par exemple en melange e las tome- 
35 re/silicone resistant a une temperature d 250 °C. Le tapis 
chauffant 46 incorpore un reseau de fils resistifs 48 qui sont 
raccordes a la centrale de regulation 30 pax 1' intermedia ire 
d'un cable electrique 50. En outre, le tapis chauffant 46 
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comporte une sonde de refroidissement 52 qui est raccordee a la 
centrale de regulation 30 par 1 ' intermediate d'un cable 
electrique 54. " 

5 Le tapis chauffant 46 permet de porter 1' element rapporte 40 a 
une temperature reglable, generalement comprise entre 120 et 
180 "c, pour permettre sa polymerisation. 

L ' installation de 1' invention comprend en outre un element de 
10 refroidissement 56 propre a recouvrir une zone peripherique 
restreinte 58 du radome 50 qui entoure etroitement la zone a 
reparer. Dans l'exemple, la zone peripherique 58 a une configu- 
ration generalement annulaire et elle est limitee interieurement 
par le bord interne 44 du radome 20. 


15 


20 


25 


30 


L ' element de refroidissement 56 est un matelas adapte aux 
dimensions de la zone a reparer et il comporte des canalisations 
internes 60 pour la circulation d'un fluide refrigerant ou 
refroidissant, liquide ou gazeux. Les canalisations 60 sont 
raccordees par des conduites 62 a la centrale de regulation 30. 

L' element de refroidissement 56 comprend en outre une sonde de 
temperature 64 raccordee a la centrale 30 par un cable electri- 
que 66. 

La centrale de regulation 30 permet de regler la temperature de 
la zone 58 pour la limiter a des valeurs raisonnables , par 
exemple 80 e C au maximum. 


L ' installation comprend. en outre une membrane 68 propre a. etre 
appliquee de f agon etanche sur le radome en recouvrant le tapis 
chauffant 46 et 1' element de refroidissement 56. L'etancheite 
entre la membrane 68 et le radome 20 est assuree par un boudin 
d'etancheite peripherique 70. La membrane 68 est reliee a une 
35 pompe a vide 72 par 1 * intermediaire d'un conduit 74, ce qui 
permet d'appliquer une pression reduite dans l'espace delimite 
par la membrane 68. 
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L 1 installation de 1* invention fonctionne de la fagon suivante. 

Apres raise en place du radome 20 dans le confonaateur chauf fant 
18, on place 1' element rapporte 40 dans la zone a reparer. 

5 

On installe ensuite le tapis chauf fant 46 , prealablement realise 
aux dimensions de la zone a reparer ; et on le raccorde a la 
centrale de regulation 30. On installe egalement la sonde de 
temperature 52 que I'on raccorde aussi a la centrale 30. Cett 
10 derniere est reglee sur la temperature et la duree de polymeri- 
sation souhaitees. 

Autour de la zone a reparer. on installe 1" element de refroidis- 
sement 56 que I'on relie a la centrale 30 par les conduites 62. 
15 On installe egalement, dans la zone peripherique 58, la sonde de 
temperature 64 que I'on raccorde a la centrale de regulation 30. 

Cette centrale pilote la circulation du fluide de refroidisse- 
ment et elle est reglee de maniere que la temperature de la zone 
20 peripherique restreinte 58 soit tres inf erieure a la temperature 
de polymerisation, tout en etant a peine superieure a la 
temperature du conformateur chauf fant 18, laquelle est limitee 
a environ 60 °C dans l'exemple considere. 

25 On place ensuite la membrane 68 et I'on met en depression 
1" ensemble. 

Apres controle de 1 ' installation, on verifie les temperatures 
affichees et on met en fonctionnement : la pompe a vide 72, le 
30 reseau chauf fant du conformateur 18, le tapis chauf fant 46, 
l 1 element de ref roidissement 56 ainsi qu'un enregistreur de 
temperature 76 qui est couple a la centrale de regulation 30. 

Le radome 20 est ainsi porte a une temperature limitee a environ 
35 60 *C, ce qui homogeneise les phenomenes de dilatation entre 
l 1 ensemble du radome a reparer et 1' element rapporte 40, tout en 
diminuant 1 1 ecart entre la temperature du radome et la tempera- 
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ture de polymerisation de 1' element rapporte 40 place dans la 
zone a. reparer. 

L ' element de refroidissement 56 circonscrit la temperature de 
polymerisation a 1' element rapporte 40 dans la zone a reparer. 

De ce fait, les parties saines du radome ne sont pas soumises a 
des temperatures elevees et le materiau composite dont est forme 
le radome ne subit pas de phenomenes de vieillissement accelere. 

On effectue alors une reparation qui laisse la piece dans son 
cycle normal de vieillissement, ce qui est tres important 
notamment en maintenance aeronaut ique . 

15 Bien entendu, 1* invention est susceptible de nombreuses 
variantes et n'est pas limitee a. la reparation d'un radome 
cTaeronef. 


10 


20 


Dans chaque cas, le conformateur est adapte a la forme de la 
piece a reparer. be meme, la reparation peut etre faite au moyen 
d'uri ou de plus ieurs elements rapportes . 
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Re vend i c at ions 

1. Procede de reparation d f une piece en materiau composite, dans 
lequel un element rapporte (40) en materiau polymerisable a 

5 chaud est mis en place dans une zone a reparer de la piece (20) 
et chauffe a une temperature suffisante pour provoquer sa 
polymerisation, caracterise en ce que l'on conduit de maniere 
controlee les operations suivantes : 

10 a) porter par chauffage la piece (20) a une temperature limitee, 
qui est super ieure a la temperature ambiante, infer ieure a la 
temperature de polymerisation de l f element rapporte (40) et 
insuff i s ante pour provoquer un vieillissement accel ere de la 
piece ; 

15 

b) chauffer a sa temperature de polymerisation 1* element 
rapporte (40), prealablement mis en place dans la zone a reparer 
de la piece (20) ; et 

20 c) refroidir une zone peripherique restreinte (58) de la piece 
(20) pour maintenir cette zone .restreinte a une temperature 
proche de la temperature limitee de la piece (20) et circons- 
crire ainsi la temperature de polymerisation a la zone a 
reparer . 

25 

2. Procede selon la revendication 1, caracterise en ce que l'on 
regie la temperature limitee de la piece (20), la temperature et 
la duree de polymerisation de 1* element rapporte (40) et la 
temperature de la zone restreinte (58) de la piece (20). 

30 

3. Installation de reparation d f une piece en materiau composite, 
comprenant des moyens pour mettre en place un element rapporte 
(40) en materiau polymerisable a chaud dans une zone a reparer 
de la piece (20) et des moyens pour chauffer 1* element rapporte 

35 (40) a une temperature suffisante pour provoquer la polymerisa- 
tion, caracterisee en ce qu'elle comprend : 


10 


20 


25 


30 
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- un conformateur chauffant (18) propre a recevoir la piece (20) 
en recouvrant au moins la zone a reparer et a porter la piece a 
une temperature limitee," qui est superieure a la temperature 
ambiante, infer ieure a la temperature de polymerisation de 
1' element rapporte (40) et insuffisante pour provoquer un 
vieillissement accelere de la piece ; 

- un tapis chauffant (46) de dimensions adaptees a celles de la 
zone a reparer, propre a etre applique contre 1' element rapporte 
(40) prealablement mis en place dans la zone a reparer pour 
chauffer l'element rapporte (40) a sa temperature de polymerisa- 
tion ; 


- un element de refroidissement (56) propre a recouvrir une zone 
15 peripherique restreinte (58) de la piece (20) entourant 
etroitement la zone a reparer pour maintenir cette zone 
restreinte a une temperature proche de la temperature limitee de 
la piece et circonscrire la temperature de polymerisation a la 
zone a reparer ; et 


- des moyens de regulation thermique (30) couples au conforma- 
teur chauffant (18), au tapis chauffant (46) et a l'element de 
refroidissement (56). 

4. Installation selon la revendication 3, caracterisee en ce que 
le conformateur chauffant (18) possede une forme adaptee a celle 
de la piece (20) pour recouvrir au moins la zone a reparer. 

5. Installation selon 1' une des revendications 3 et 4, caracte- 
risee en ce que le conformateur chauffant (18) comprend un 
reseau chauffant (24) a temperature reglable et un revetement 
calorifuge (36). 

6. Installation selon l'une des revendications 3 a 5, caracteri- 
35 see en ce que le tapis chauffant (46) comporte un tapis souple 

susceptible d'etre decoupe aux dimensions voulues et un reseau 
chauffant (48) a temperature reglable. 
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7. Installation selon l'une des revendications 3 a 5, caracteri- 
see en ce que 1' element de ref roidissement (56) comprend un 
mate las annulaire de dimensions adaptees a celles de la zone 
peripherique restreinte (58), logeant au moins une canalisation 

5 (60) propre a etre parcourue par un fluide refrigerant ou 
ref roidissant - 

8. Installation selon l'une des revendications 3 a 7, caracte- 
rise en ce qu'elle comprend une membrane (68) propre a etre 

10 appliquee de fatjon etanche sur la piece (20) en recouvrant le 
tapis chauffant (46) et 1' element de ref roidissement (56), ainsi 
qu'une pompe a vide (72) propre a appliquer une pression reduite 
dans I'espace delimite par la membrane. 

15 9. Installation selon l'une des revendications 3 a 8, caracteri- 
see en ce que les moyens de regulation thermique comprennent des 
sondes de temperature (32, 52, 64) associees respectivement au 
conformateur chauffant (18), au tapis chauffant (46) et a 
1' element de ref roidissement (56). 

20 

10. Installation selon l'une des revendications 3 a 9, caracte— 
risee en ce que les moyens de regulation thermique comprennent 
des moyens (30) pour regler la temperature du conformateur 
chauffant (18), la temperature et la duree de fonctionnement du 
25 tapis chauffant (46) et la temperature de 1* element de ref roi- 
dissement (56). 
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FR 2 693 147 

Method and apparatus for the repair of composite material 
5 components, particularly of the layered type 

This invention relates a method and apparatus for the 
repair of composite material components, particularly of 
10 the sandwich type. 

The expression "composite material" is understood herein to 
mean a synthetic material essentially formed from a heat - 
polymerisable binder and structural fibres embedded in 
15 this binder. 

The binder is normally formed from a resin, for example of 
the type that i s polyester, epoxy or phenol - like, mixed 
with a hardener in order to catalyse the polymerisation 
20 reaction of the resin, when the mixture is raised to a 
temperature above room temperature, for example to a 
temperature between 12 0 and 180 ° C. 

The fibres , acting as a framework, are generally made of 
25 gl ass, polyamide, carbon, etc, woven together to form a 
layer. 

The composite material can be monolithic so as to form a 
simple "skin" or otherwise can be of the sandwich type so 
30 as to from two skins between which there is placed an 
intermediate structure, for example of the honey comb 
type. 

Composite materials of this type have many applications, 
35 for example in the fabrication of panels, in streamlining, 
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in aeronautical radomes, etc. 

In re pairing a composite material component of this type, 
one generally uses a related part made from heat 
5 polymerisable material that is put in position in an area 
of the component that is to be repaired, and that is 
subsequently h eate d to a temperature sufficient to cause 
its polymerisation, and, consequently, .J^^as^emb^ with 
the component to be repaired. 

In order to insure the polymerisation under heat of the 
related part and its assembly with the component to be 
repaired, two methods will now be referred to. 

15 The first method consists in placing the entire component 
as well as the related part in an autoclave or in an 
enclosure heated to a temperature that is sufficient to 
cause polymerisation through heating. 

20 This first method has the major disadvantage that it 
subjects sound parts of the component to an elevated 
temperature, that is to say, the temperature necessary for 
the polymerisation of the related part. 

25 This elevated temperature, which is generally between 12 0 
and 18 0 °C, brings about accelerated ageing of the 
component, or results in departure from a laminar 
structure, un - sticking, the formation of cracks, etc, 
and more generally, deterioration of the mechanical 

30 characteristics . 

The second method consists in placing a < he ated ca rpet on 

the related part previously placed in position in the area 
to be repaired, in order to ensure the polymerisation, in 
35 the case of localised repairs. 
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This second method has a main disadvantage in that it 
brings about a significant temperature difference between 
the heated area and the non heated area of the component 
5 to be repaired. Consequently, a departure from a 
laminated structure occurs in the sound areas of the 
component, notably in the case of components formed with a 
sandwich structure. 

10 The object of the invention is essentially to overcome the 
aforementioned inconveniences in order to avoid accelerate 
ageing of the sound areas of a composite material 
component that is to be repaired. 

15 Another object of the invention is to provide a method and 
an apparatus which allows repairs to be carried out on 
composite material components, in perfectly controlled 
conditions, in order to avoid heating the sound areas of 
the component to be repaired. 

20 

Yet another object of the invention is to provide a method 
and apparatus intended particularly for the repair of 
radomes for civilian transport planes. 

25 The invention concerns more particularly a method for the 
repair of a composite material component, according to 
which a related part made from heat - polymerisable 
material is placed in an area of the component to be 
repaired and is heated to a temperature that is 

30 sufficiently high to bring about polymerisation. 

According to an essential characteristic of the invention, 
one performs, in a controlled manner, the following steps: 

3 5 a) through heating, raising the temperature of the 
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component to a limited temperature, which is above room 
temperature, below the temperature for polymerisation of 
the related part and insufficient to bring about 
accelerated ageing of the component; 
5 b) heating the related part to its polymerisation 
temperature, the related part having been previously put 
in place in the area of the component to be repaired ; 
and 

c) cooling down a peripheral restraining zone of the 
10 component closely encircling the area to be repaired to 

maintain this peripheral zone at a temperature that is 
close to the limited temperature of the component, and 
thereby limit the polymerisation temperature to within 
the area to be repaired. 

15 

Thus, by raising the component to a limited temperature, , 
for example 60 °C, one avoids differential expansion 
phenomena between the component itself and the related 
part for the repair, which is heated to a polymerisation ; 
20 temperature, that is to say, to a temperature that is 
generally between 12 0 and 18 0 °C. 

Moreover, the polymerisation temperature is limited to 
within the area to be repaired, that is to say the 

25 corresponding component, so that the peripheral zone of 
the component, closely surrounding the area to be 
repaired, is cooled under controlled conditions. One 
thereby prevents the heat resulting from the heating of 
the related part being transmitted to the sound areas of 

3 0 the component to be repaired, in particular the peripheral 
zone which closely surrounds the area to be repaired. 

This peripheral zone is thereby at a temperature that is 
close to the temperature of the component; which is 
3 5 contained to reasonable values, for example a maximum 
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20 


value of 80 ° C for the temperature values mentioned above. 

Because the polymerisation temperature is limited to 
within the area to be repaired, the healthy areas of the 
component are not over heated and therefore cannot undergo 
accelerated ageing, in contrast to the prior art methods. 

According to another characteristic of the method of the 
invention, one adjusts the limited temperature, the 

10 temperature and the duration of the polymerisation of the 
related part, as well as the temperature of the 
restraining zone of the component. In this way,- the 
repair of the component is effected under perfectly 
controlled conditions according to the characteristics of 

15 the component and the those of the polymerisable material 
from which the related part is formed. 

Another aspect of the invention concerns a composite 
material apparatus, which comprises essentially : 


- a heated shaping unit for receiving the component and 
covering at least the area to be repaired and for heating 
the component to a limited temperature, which is above 
room temperature, below the polymerisation temperature of 

25 the related part, and insufficient to cause accelerated 
ageing of the component; 

- a he ated c arpet whose dimensions are adapted to those of 
the^ areTtobe repaired, adapted to be applied against the 

30 related part previously placed in the area to be repaired 
to heat the related part to its polymerisation 
temperature ; 

- a cooling element adapted to cover the peripheral 
35 restraining zone of the component closely surrounding the 
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area to be repaired in order to maintain this peripheral 
zone at a temperature close to the limited temperature of 
the component and limit the polymerisation temperature to 
the area to be repaired; and 

5 

- thermal control means coupled to the heated shaping 
urf i S T r E o g ft t^ and to the cooling element. 

According to another aspect of the invention, the heated 
10 shaping unit has a shape that is adapted to that of the 
component so as to cover at least the area to be repaired. 

One can realise such a shaping unit (unless it already 
exists due to previous or repetitive repairs, such as for 
15 example with aeronautical radomes) using the known "mould / 
counter mould" technique, by taking an imprint of the 
component which covers at least the area to be repaired. 

The shaping unit is made from composite material and / or 
20 metal and comprises a heating network having a 
controllable temperature, which is preferably formed from 
heater resistors incorporated within the shaping unit . 

The temperature of the shaping unit is preferable limited 
25 to a value of 6 0 0 C, which avoids accelerated ageing 
phenomena of the component to be repaired. 

In addition, according to another characteristic of the 
invention, this shaping unit comprises a calorific 
30 cladding intended to avoid energy losses. 

According to another characteristic of the invention, the 
heated carpet comprises a flexible layer which can be cut 
to the desired dimensions that is to say, those of the 
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15 


20 


25 


30 


area to be repaired, and also a variable temperature 
heater network. 


This heated carpet is preferably made from a mixture of / 
elastomer/silicone, that is to say a material resistant to 
a temperature of 250 ° C. The heater network of the carpet 
is preferably formed from a network of resistive wires 
incorporated within the thickness of the carpet or glued 
on to the surface of the latter. 

Heating of the carpet is carried out under controlled 
conditions where temperature and duratiGn are dete-rnnrned 
as a function of the polymerisation conditions of the 
related part. The max imum t emp e r a t ur e of the heated 

carpet is preferably 180 ° C. 


The cooling element that is part of the apparatus of the 
invention comprises an annular overlay, whose dimensions 
are adapted to those of the peripheral restraining zone, 
and has at least one channel through which refrigerating 
cooling fluid may flow. 

The cooling of this peripheral zone is effected under 
controlled conditions which avoids, at the periphery of 
the repair, the temperature of the sound part of component 
rising significantly through conduction. The refrigerating 
or cooling fluids circulating within the cooling element 
can be gaseous or liquid. 

According to another characteristic of the invention, the 
apparatus comprises a membrane intended to be applied in 
an air - tight fashion over the component whilst covering 
the heated carpet and the cooling element, and also a 
vacuum pump for applying a reduced pressure to the space 
delimited by the membrane. 
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This membrane allows one to de - pressurise the assembly 

■ ■ — 

and to assure uniform sticking in the repair. 

5 The thermal control means of the apparatus comprise 
temperature probes respectively associated with the heated 
shaping unit, the heated carpet and the cooling element. 

Preferably, the thermal control means also comprise means 
10 for adjusting the temperature of the shaping unit, the 
temperature and the on - time of the heated carpet, and 

also the temperature of the coo-li-ng element. 

In the description that follows, provided by way of 
15 example, the appended drawings are referred to, where: 

- figure 1 is a partial elevation showing an apparatus 
according to the invention, intended for the repair of an 
aeronautical radome; 

2 0 

- figure 2 is a partial cross sectional view through line 
II -II of figure 1; and 

- figure 3 shows a detail, on an enlarged scale, of the 
25 apparatus in figure 2. 

The apparatus shown in figures 1 and 2 comprises a chassis 
10 having four wheels 12 to allow it to move on the 
ground. The chassis 10 is mounted on an inclined support 

3 0 14 having a ball bearing roller ring 16 on which is 

mounted, in a detachable fashion, a shaping unit 18. 

Due to the ball bearing roller ring 16, the shaping unit 
18 can turn on itself about an axis XX inclined at an 
35 angle A, here 45 ° to the horizontal. The shaping unit 18 
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constitutes a type of mould intended to receive a 
composite material component 20 which, in this example, is 
an aeronautical radome . The component 20 is held fixed in 
the shaping unit 18 by at least one fixation member 21. 

5 

The shaping unit 18 is made from composite material and/or 
metal and it comprises a wall 22 within which are 
incorporated heater resistors 24 fed by an electric cable 
26 which passes through a hole 28 in the support 14 

10 (figure 2) and is connected to a control centre 30. 
Within the thickness of the wall 22 there is also housed a 
probe 32 connected by an electric cable 34, 
J which also 1 goes "IfSrough the hole 28, to the control centre 
30. On the external face of the wall 22 there is provided 

15 a heat - insulating cladding 3 6 to avoid energy losses. 
The shaping unit 18 is intended to raise the radome to a 
limited temperature which, in this example, is 60 °C. 

The radome has a wall 3 8 made from synthethised composite 
20 material for example of the sandwich type, which is placed 
in contact with the internal surface of the wall 22 of the 
shaping unit 18. The wall 38 of the radome 20 comprises 
an area to be repaired within which there has been placed 
a related part 4 0 (figure 3) formed from a heat 
25 polymerisable material, compatible with the materials from 
which the radome 38 is formed. The related element 40 is 
placed in contact with the internal surface of the wall 22 
of the shaping unit 18 and it has an external peripheral 
edge 44 which comes into contact with an internal 
30 peripheral edge 44 of the area to be repaired. 

The apparatus of the invention comprises furthermore a 
heated carp et 4 6 wh ose dimensions are adapted to those of 
the area to be repaired and therefore those of the related 
3 5 part 40. The heated carpet 4 6 is formed fr om a fle xible 
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material, for example a mixture of elastomer/silicone that 
is resistant to a temperature of 250 ° C. The heated 
carpet 4 6 incorporates a network of resistive wires 4 8 
which are connected to the control centre 3 0 by an 
electric cable 50. Moreover, the heated carpet 46 
comprises a cooling probe 52 which is connected to the 
control centre 3 0 by an electric cable 54. 


/ 

10 



20 


30 


The heated carpet 4 6 allows one to raise the related part 
40 to an adjustable temperature, gene rally between 120 and 
180 ° C, to allow polymerisation. 


The apparatus of the invention furthermore comprises a 
cooling element 56 suitable for covering a peripheral 
15 restraining zone 58 of the radome 50 which closely 
surrounds the area to be repaired. In this example, the 
peripheral restraining zone 58 has a generally annular 
configuration and it is internally delimited by the 
internal edge 44 of the radome 20. 


The cooling element is 56 is a mat adapted to the 
dimensions of the area to be repaired and it has internal 
channels 6 0 for the circulation of refrigerating or 
cooling fluids, liquid or gaseous. The channels 6 0 are 
25 connected to the control centre 30 by the conduits 62 . 


The cooling element 56 comprises furthermore a temperature 
sensor 64 connec 
electric cable 66 


sensor 64 connected to the control centre 3 0 by an 


The control centre 3 0 allows one to regulate the 
temperature of the zone 58 t o limit it to reasonable 
values, for example-a maximum of 80 ° *^^> 


35 The apparatus comprises furthermore a membrane 6 8 for 
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being applied in a air - tight manner over the radome by 
covering the heated carpet 46 and the cooling element 56, 
The air - tightness between the membrane 68 and the radome 
20 is assured by a peripheral air - tight beading 70. The 

5 me^rane 6 ,!? M „,ih^ „ h^im ^ e .?i » ^i^S,, ■^■j.^f^ ^^11. P^^ P ^]^ b Y a conduit 
74, which allows one to apply- a reduced pressure to the 

space delimited by the membrane 68. 

The apparatus is operated in the following manner. 

10 

After having placed the radome 20 in the heated shaping 
unit 1-8, on places the related part 40 in the area to be 
repaired . 

15 One puts in place the heated carpet 46, previously adapted 
to the dimensions of the area to be repaired; and one 
connects it to the control centre 30. One also puts in 
place the temperature probe 52 which one also connects to 
the centre 30. The latter is adjusted to the temperature 

20 and the duration of the desired polymerisation. 

Around the area to be repaired, one puts in place the 
cooling element 56 which one connects to the centre 3 0 by 
the conduits 62. One puts in place also, in the 

25 peripheral zone 58, the temperature probe 64 which one 
connects to the control centre 30. 

This centre controls the circulation of cooling fluid and 
it is adjusted such that the temperature of the peripheral 
30 restraining zone 58 is much less than the polymerisation 
temperature, whilst being marginally greater than the 
temperature of the heated shaping unit 18, which is 
limited to about 60 ° C in the example at hand. 

3 5 One then places the membrane 60 and one de - pressurises 


FR 2 693 147 
21 July 2000 


- 12 - 


the assembly. 


After a check of the apparatus, one checks the displayed 
temperatures and one puts into operation : the vacuum pump 
5 72 , the heater network of the shaping unit 18, the heated 
carpet 46, the cooling element 56 as well as a temperature 
recorder which is coupled to the control centre 30. 

The radome 20 is thus heated to a limited temperature of 
10 about 60 °C, which homogenises dilatation phenomena between 
the whole of the radome to be repaired and the related 
part 4 0 , whilst reducing the difference between the 
temperature of the radome and the polymerisation 
temperature of the related part 40 placed in the area to 
15 be repaired. 

The cooling element 56 limits the polymerisation 
temperature of the related part 40 in the area to be 
repaired. 

20 

Because of this, the sound parts of the radome are not 
subjected to elevated temperatures and the composite 
material from which the radome is formed is not subjected 
to accelerated ageing phenomena. 

25 " 

One then effects a repair that leaves the component in its 
normal ageing cycle, which is very important notably in 
aeronautical maintenance . 

30 It will be appreciated that the invention can have many 
variations and is not limited to the repair of an 
aeronautical radome . 

In each case, the shaping unit is adapted to the shape of 
35 the component to be repaired . Likewise , the repair can 
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be carried out by means of a plurality of related parts. 
Claims 

5 1. A method for the repair of a composite material 
component, in which a related part (4 0) made from heat - 
polymerisable material is placed in an area of the 
component to be repaired (2 0) and is heated to a 
temperature that is sufficiently high to bring about 
10 polymerisation, characterised in that one performs in a 
controlled manner the following steps: 

a) through heating, raising the temperature of the 
component (20) to a limited temperature, which is above 

15 room temperature, below the temperature for 

polymerisation of the related part (40) and insufficient 
to bring about accelerated ageing of the component ,- 

b) heating the related part (40) to its polymerisation 
temperature, the related part having been previously put 

20 in place in the area of the component to be repaired 

(20) ; and 

c) cooling down a peripheral restraining zone (58) of the 
component (20) to maintain this restraining zone at a 
temperature that is close to the limited temperature of 

25 the component (20) , and thereby limit the polymerisation 

temperature to within the area to be repaired. 

2. A method according to claim 1, characterised in that 
one adjusts the limited temperature of the component (20) , 

3 0 the temperature and the duration of polymerisation of the 
related part (40) and the temperature of the restraining 
zone (58) of the component (20) . 

3. Apparatus for the repair of a composite material 
3 5 component, comprising means for putting in place a related 
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part (40) made from heat polymerisable materials in an 
area to be repaired of the component (20) and means for 
heating the related part (40) to a temperature that is 
sufficient to cause polymerisation, characterised in that 
5 it comprises: 

- a heated shaping unit (18) for receiving the component 
(20) and covering at least the area to be repaired and for 
heating the component to a limited temperature, which is 

10 above room temperature, below the polymerisation 
temperature of the related part (40), and insufficient to 
cause accelerated ageing of the component; 

- a heated carpet (46) whose dimensions are adapted to 
15 those of the area to be repaired, adapted to be applied 

against the related part (40) previously placed in the 
area to be repaired to heat the related part (4 0) to its 
polymerisation temperature; 

20 - a cooling element (56) adapted to cover the peripheral 
restraining zone (58) of the component (20) closely 
surrounding the area to be repaired in order to maintain 
this peripheral zone at a temperature close to the limited 
temperature of the component and limit the polymerisation 

25 temperature to the area to be repaired ; and 

- thermal control means (3 0) coupled to the heated shaping 
unit (18) , to the heated carpet (46) and to the cooling 
element (56) . 

30 

4 . Apparatus according to claim 3 , characterised in that 
the heated shaping unit (18) has as shape adapted to that 
of the component (20) in order to cover at least the are 
to be repaired. 

35 
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5. Apparatus according to one of claims 3 or 4, 
characterised in that the heated shaping unit (18) 
comprises an adjustable temperature heater network (24) 
and an insulating cladding (36) . 

5 

6. Apparatus according to one of claims 3 to 5, 
characterised in that the heated carpet (46) comprises a 
flexible carpet which can be cut the desired dimensions 
and an adjustable temperature heater network (48) . 

10 

7. Apparatus according to one of claims 3 to 5, 
characterised in that the cooling element (56) comprises 
an annular mat whose dimensions are to those of the 
peripheral restraining zone (58) , housing at least one 

15 channel (60) for channelling refrigerating or cooling 
fluid. 

8. Apparatus according to one of claims 3 to 7, 
characterised in that it comprises a membrane (68) for 

20 being applied in an air-tight manner over the component 
(20) by covering the heated carpet (46) and the cooling 
element (56), and also a vacuum pump (72) for applying a 
reduced pressure to the space delimited by the membrane. 

25 9. Apparatus according to one of claims 3 to 8, 

characterised in that the thermal control means comprise 
temperature probes (32, 52, 64) associated respectively 
with the heated shaping unit (18), the heated carpet (46) 
and the cooling element (56) . 

30 

10. Apparatus according to one of claims 3 to 9, 
characterised in that the thermal control means comprise 
means (30) for adjusting the temperature of the heated 
shaping unit (18) , the temperature and duration of the 
3 5 operation of the heated carpet (46) and the temperature of 
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the cooling element (56) . 
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